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%ODQNLQJGLHGHVLJQPLVVLRQ UHSUHVHQWVRQHRI WKHERWWOHQHFNV LQVLGH WKH WRRO URRP ,W
V D VKDUHG IDFWRUEHWZHHQPDQ\RWKHUGLH
W\SHV %DVHG RQ WKH DYDLODEOH GLH GHVLJQ GDWD SURJUDPPLQJ RI EODQNLQJ GLH LV SRVVLEOH 7KLV VDYHV ORW RI WLPH FRQVXPHG LQ











V VXFK DV LQYHQWRU 6ROLG :RUNV
6ROLG(GJH3UR(QJLQHHU&UHZ9HURDQG&$7,$KDV
LQFUHDVHGGUDVWLFDOO\7KLVLPPLJUDWLRQLVGRQHEDVHGRQ
WKH QHZ IDFLOLWLHV ZKLFK WKLV VRIWZDUH
V SURGXFH
FRPSDUHG ZLWK WKH WUDGLWLRQDO GUDIWLQJ RU HYHQ LQ
$XWR&$' 7UDGLWLRQDO GLH GUDIWLQJ LQ WKUHH SURMHFWLRQV
RU PRUH UHVXOWV LQ PDQ\ HUURUV +RZHYHU WKHVH HUURUV
FDQ EH PLQLPL]HG WKURXJK WKH LPSOHPHQWDWLRQ RI '
PRGHOOLQJ V\VWHPV &$7,$ NQRZOHGJHZDUH PRGXOH
ZKLFKLVDYDLODEOHLQVLGH&$7,$KDVUHFHQWO\JDLQHGORW
RI UHVHDUFK LQWHUHVW8SWLOO QRZ &$7,$ SURJUDPPLQJ
XVLQJ 6FULSWLQJ 9LVXDO %DVLF RU &$$ WHFKQLTXHV
RFFXSLHG PRUH DQG PRUH UHVHDUFK DUHD DSSOLFDWLRQV
$OWKRXJK WKHUH KDYH EHHQ ORW RI UHVHDUFK ZRUN LV WKLV
DUHDEXW WKLVSDSHUKDV IRFXVHGRQO\ LQVKHHWPHWDOGLH
GHVLJQV\VWHPVXVLQJ'PRGHOVRIWZDUH
V
$ XQLTXH HIIRUW RI'LH GHVLJQPRGXOH LQ ,QYHQWRUZDV
PDGHE\$EGHOKDIL]6KLNK,QWKLVZRUNDXWKRUPHUJHG
,QYHQWRUDV$XWRGHVNSURGXFWZLWK([FHODVD0LFURVRIW
SURGXFW WRJHW WKHEHQHILWVRI WKLV VRIWZDUH¶V+RZHYHU
WKLV DSSOLFDWLRQZDV OLPLWHGZLWK SDUDPHWULF GHVLJQ IRU
EODQNLQJ>@DQGGHHSGUDZLQJGLHV>@
)HZ UHVHDUFKHUV HPLJUDWHG WR6ROLG(GJH VXFK DV6XWW





FDVHEDVHG UHDVRQLQJ 7RU >@ SUHVHQWHG D NQRZOHGJH
EDVHG EODFNERDUG IUDPHZRUN IRU VWDPSLQJ SURFHVV
SODQQLQJ IRU SURJUHVVLYH 7KH VRIWZDUH SURWRW\SH KDV
EHHQ GHYHORSHG XVLQJ &/,36 DQG & LQWHUIDFHG ZLWK
6ROLG(GJH&$'V\VWHP
$V H[DPSOH RI LPPLJUDWLRQ WR 6ROLG:RUNV ;LDQJ >@




VWUXFWXUDO W\SHV DQG UHODWLRQVKLSV EHWZHHQ FRUUHODWLQJ
SDUWV DQG SODWH KROHV 7KLV GHVLJQ WRROZDV FRQVWUXFWHG
RQ 3& DQG LQWHJUDWHG ZLWK 6ROLG:RUNV &$' V\VWHP
7KHSURJUHVVLYHGLHGHVLJQ IRU WKHPRWRUFRUHRIKRXVH
DSSOLDQFH ZDV HPSOR\HG DV D SUDFWLFDO H[DPSOH WR
GHPRQVWUDWHWKHHIIHFWLYHQHVVRIWKHGHVLJQWRRO-LDDOVR
XVHGSURJUHVVLYHGLHIRUPRWRUFRUHDVFRQFUHWHH[DPSOH
WR GHPRQVWUDWH WKH SRZHU RI SURSRVHG V\VWHP 7KH
UHVXOWVUHYHDOHGWKDWLWGUDPDWLFDOO\LPSURYHGWKHGHVLJQ
TXDOLW\DQGVDYHGERWKWLPHDQGFRVWV
0RUHRHYHU WKHUH KDYH EHHQ PDQ\ VRIWZDUH FRPSDQLHV
ZRUNLQJLQGLHGHVLJQXVLQJ6ROLG:RNV'4XLFN3UHVV
>@ IURP +RQJ .RQJ LV WKH PRVW IDPRXV FRPSDQ\ LQ
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EXLOGLQJ VKHHW PHWDO GLH GHVLJQ VRIWZDUH XVLQJ WKH




/D\RXW DQG WRRO FUHDWLRQ ,W
V D SRZHUIXO WRRO LQ
3URJUHVVLYH GLH 'LH4XRWH DQG 0ROG4XRWH IURP
&LPDWURQ 7HFKQRORJ\ 86$ >@ DOVR UHSUHVHQW RWKHU
H[DPSOHV RI DSSOLFDWLRQV LQYROYHG LQ GLH GHVLJQ XVLQJ
6ROLG :RUNV &$''$' LV DQRWKHU SURGXFW XQGHU
6ROLG :RUN PDGH E\ 'HYDJ *0%+ >@ 'DUPVWDGW
*HUPDQ\ 7KH V\VWHP FRYHUV PDQ\ VKHHW PHWDO GLH
DSSOLFDWLRQVVXFKDVGHHSGUDZLQJDQGSURJUHVVLYHGLHV
6LPLODUO\ DQ HIIRUW FDQEH UHFRUGHG IRU LPPLJUDWLRQ WR
9HUR E\ *HUPDQL >@ IURP XQLYHUVLW\ 3ROLWHFQLFD
GHOOH 0DUFKH LQ ,WDO\ ZKR FRQVWUXFWHG DQ DXWRPDWHG
SURJUHVVLYHGLHGHVLJQV\VWHP
$VH[DPSOHRILPPLJUDWLRQWR&$7,$E\.LP>@ZKR
SUHVHQWHG DQ DXWRPDWHG GHVLJQ V\VWHP RI SUHVV GLH
FRPSRQHQWV XVLQJ ' &$' OLEUDU\ :DQJ > @





LQ WKH XVH RI &$7,$ DQG 3UR(QJLQHHU &UHR IRU
FRQVWUXFWLQJ WKH QHZ'LH 'HVLJQ &$' V\VWHPV 7KHUH
DUH WKUHHLPSRUWDQWQDPHVLQFOXGLQJ<L/XQJ7VDL>@
$ODQ & /LQ > WR @ %RU 7VXHQ /LQ > WR @
OHDGLQJ WKHUHVHDUFKZRUNVRI WKLV ILHOG LQ7DLZDQ7VDL
XVHG &$7,$ $ODQ XVHG &UHR DQG %RU XVHG ERWK RI
&$7,$ DQG &UHR 3RWRFLQLN >@ SUHVHQWHG DQ
DXWRPDWHG V\VWHP IRU GHVLJQLQJ VKHHWPHWDO FRPSRXQG
GLHV LQWHQGHG IRU SURGXFWLRQ RI YDULRXV ZDVKHU
FRQILJXUDWLRQV7KHV\VWHPZDVUXQXQGHU&$7,$9
/HH >@ 3UHVHQWHG WKH GHYHORSPHQW RI D GHVLJQ
VXSSRUWLQJ V\VWHP IRU SUHVV GLH RI DXWRPRELOH SDQHOV
)RU LPSOHPHQWDWLRQ WKH UXOHEDVHG GHVLJQ V\VWHP ZDV
SURJUDPPHGZLWK&DQGOLQNHGZLWK&$7,$/L>@
SUHVHQWHG WKH FRQFHSW RI WKH W\SLFDO DVVHPEO\ IHDWXUH
7$) ZKLFK ZDV EDVHG RQ WKH DVVHPEO\ IXQFWLRQ
5HFHQWO\ PDQ\ GLH GHVLJQ VRIWZDUH XQGHU &$7,$
FRPSDQLHV DSSHDUV LQ WKH VRIWZDUH PDUNHW 'LH &$'
*URXS ,QF >@ 9$026 7RRO DQG GLH GHVLJQ 7
6\VWHP >@ 3$0',(0$.(5 IRU&$7,$ IURP(6,
*URXS>@&$7,$IRUPRXOGDQGGLHVIURP'6>@
' VROXWLRQV IURP ,%0 >@ 8QLJUDSK\V IURP ,58',
>@7RRO'HVLJQ6ROXWLRQIURP&'&>@
%ODQNLQJ'LH'HVLJQ
%ODQNLQJ GLH GHVLJQ KDV EHHQ D FULWLFDO PLVVLRQ LQVLGH
WKHWRROURRPZRUNVKRSEHFDXVHPRVWRIWKHVKHHWPHWDO
GLHV QHHG EODQNLQJ DV WKH ILUVW VKHHW PHWDO RSHUDWLRQ
7KDW
VPDNHDKLJKGHPDQGRIGHVLJQLQJEODQNLQJGLHLQ
WKH WRRO URRP )RU WKLV UHDVRQ GHFUHDVLQJ WKH GHVLJQ
WLPH KDV EHHQ D FULWLFDO IDFWRU LQ RUGHU WR LPSURYH WKH
FRPSDQ\¶V VXFFHVV 6LPXOWDQHRXVO\ PRVW RI WKH
EODQNLQJGLHGHVLJQUXOHVDQGIRUPXODVDUHXQGHUFRQWURO
)RU WKLV UHDVRQ EODQNLQJ GLH KDV EHHQ VHOHFWHG DV WKH
PRVW VXLWDEOH W\SH RI VKHHW PHWDO GLH WR EH SXW LQ WKH
&$'EDVNHW6LQFHPRVWRIWKHUHVHDUFKZRUNKDV
EHHQ IRFXVLQJ RQ GHWHUPLQLQJ VROXWLRQV IRU DXWRPDWHG
GLHGHVLJQ0RVWRIWKHPKDYHEHHQVXFFHVVIXOLQILQGLQJ
&$' VROXWLRQV IRU GLIIHUHQW W\SHV RI GLH GHVLJQ
3URJUHVVLYH DQGGHHSGUDZLQJGLHV KDYHEHHQ WKHPRVW
DWWUDFWLYH W\SH RI GLHV WR WKH UHVHDUFKHUV )HZ &$'
ZRUNV DUH DOVR UHODWHG WR WKH GHVLJQ DXWRPDWLRQ RI
EODQNLQJ GLHV (YHQ WKH SURGXFHG &$' V\VWHPV IRU
EODQNLQJ GLHV KDYH KDG EDG HYDOXDWLRQV IURP LQGXVWU\
SRLQW RI YLHZ 7KLV FUHDWHV D QHZ TXHVWLRQ 
DUH DOO
EODQNLQJ GLH VL]HV FDQ EH VROYHG XVLQJ WKH VDPH &$'
VROXWLRQ
 7KLV TXHVWLRQ OHDGV WR WKH GHPDQG RI ([SHUW
6\VWHPLQEODQNLQJGLH
7KHUH LV QR QHHG RI D V\VWHP LQ DQ\ LQGXVWU\ZKLFK LV
JRRG LQ RQH VL]H DQG IDLOV LQ RWKHU ,Q IDFW ([SHUW
6\VWHP LQ GLH GHVLJQ KDV EHHQ D VRSKLVWLFDWHG SUREOHP
DQGFRPSOHWHO\GLIIHUHQWLQKDQGOLQJSRLQWRIYLHZIURP
GLHW\SHWRRWKHU7RILQG\RXUZD\IRUDQH[SHUWV\VWHP
LQ GLH GHVLJQ \RX PXVW ILQG \RXU ZD\ WR WKH H[SHUW
EUDLQ1RGLHGHVLJQH[SHUWFDQDQVZHUWKLVTXHVWLRQLQ




DFKLHYH LW HIIHFWLYHO\ ,Q RXU FDVH DERXW  EODQN SDUW
SLHFHV LQ GLIIHUHQW VL]HV DQG WKLFNQHVVHV KDYH EHHQ
FROOHFWHG IURP WKH LQGXVWU\ 7KHVH SDUWV ZHUH WKHQ
SURYLGHG WR  GLIIHUHQW GLH GHVLJQ H[SHUWV LQGLYLGXDOO\
7KHVHGHVLJQHUVZHUHDVNHGWREXLOGVXLWDEOHGLHGHVLJQ
IRU WKH EODQN SDUW 7KH UHVXOWV DUH FROOHFWHG DQG
FRPSDUHGIRUWKHVDPHEODQNSDUWGLHGHVLJQ7KHVLPLODU
GHVLJQV ZHUH DUFKLYHG DQG WKH QRQVLPLODU GHVLJQV
GLVFXVVHG DJDLQ LQ RSHQ EUDLQ VWRUPLQJ EHWZHHQ 
H[SHUWV7KHILQDOUHVXOWVZHUHFRGHGLQIRUPRI,)7KHQ
UXOHV7KHVWXG\UHFRPPHQGHGVKDSHVRIEODQNLQJGLH
VL]HV  RI WKHP XVLQJ IL[HG VWULSSHU DQG WKH RWKHU 
XVLQJ PRYDEOH VWULSSHU $ FRGH ZDV ZULWWHQ DQG UXQ
HIIHFWLYHO\XQGHU$XWR&$'7KHW\SHRIEODQNLQJGLH
GHVLJQV WHPSODWHZHUH LPSHGHG LQ WKLV FRGH7KLV FRGH
KDVEHHQGLVFXVVHGLQ>@
7KHSURJUDPFRGHLQFOXGHVVXEURXWLQHLQVLGH,IWKH
EODQN SDUW GDWD VXLWH DQ\ RI WKLV EODQNLQJGLH VL]H VXE
URXWLQH WKH SURJUDP DXWRPDWLFDOO\ H[HFXWH WKLV VL]H
WHPSODWHV7KHVXEURXWLQH LQWHUQDOFRGHVKDYHVDPH
VLPLODULWLHVZKLFK LQFUHDVH WKH VL]H RI WKH SURJUDP ,Q
IXUWKHU SURJUHVV WKH  VXEURXWLQH DUH GLYLGHG RQFH
DJDLQ LQWR  VXEURXWLQHV 7KH VKDUHG VXEURXWLQH
VHSDUDWHG WRJHWKHU 7KH SURJUDP QHVWV EHWZHHQ WKH
GLIIHUHQW VXEURXWLQHVZKLFK UHSUHVHQWV GLH FRPSRQHQWV
WR FROOHFW WKH GLH DVVHPEO\ 7KLV VPDUW SURJUHVV
GHFUHDVHVWKHSURJUDPVL]HHIIHFWLYHO\































7DEOH  VKRZV KRZ WKH QHVWHG SURJUDP PRGXOH
VLPSOLILHVWKHVXJJHVWHGGLHFRGHSDWKVZKLFKKDYHEHHQ
VXJJHVWHGHDUOLHULQ>@,WPXVWEHQRWHGKHUHWKDWWKH
EODQNLQJ GHVLJQ UXOHV LQ JHQHUDO YLHZ KDYH QRW EHHQ
HIIHFWLYHO\ DSSOLHG WR DOO GLH W\SH VL]HV )URP
REVHUYDWLRQVSHFLILHGGHVLJQUXOHVKDYHEHHQDSSOLHGRQ
VSHFLILHGGLHVL]HV)RUWKLVUHDVRQQHVWHGPRGXOHVPXVW
DOVR LQFOXGH VXE QHVWHG PRGXOHV $V DQ H[DPSOH GLH
RSHQLQJLVDVHSDUDWHPRGXOHZKLFKLVUHODWHGWRWKHGLH
EORFN PRGXOH 7KH GLH RSHQLQJ PRGXOH KDV EHHQ
GLVFXVVHG LQ )LJ 'XULQJ WKH EODQNLQJ RSHUDWLRQ WKH
EODQN SDUW SDVVHV WKURXJK WKH GLH RSHQLQJ KROH 7KLV
GLFWDWHV WKDW WKHRSHQLQJPXVWKDYHDGHILQHGJHRPHWU\
LQ RUGHU WR REWDLQ D JRRG SDUW GLPHQVLRQ DQG HDV\
PRYHPHQWRI WKHEODQN)LJ VKRZVGLIIHUHQW W\SHV
RIGLHRSHQLQJVXVHGLQEODQNLQJDQGSLHUFLQJGLHV(DFK
RI WKRVH SURSRVHG GLH RSHQLQJ LV XVHG WR GHILQH FDVHV
ZKLFK PRVWO\ GHSHQGV RQ SDUW WKLFNQHVV 7KH VWUDLJKW
ODQGOHQJWKRIWKHGLHRSHQLQJDOVRGHILQHVWKHGLHEORFN
OLIH WLPH LQ ZKLFK WKH GLH VXUIDFH PD\ EH VKDUSHQHG
ODWHU 0HDQZKLOH WKH ILJXUH VKRZV WKH UHOLHI DQJOH






LQ $XWR&$' FDQ EH WUDQVODWHG WR RQH FRPPDQG LQ
&$7,$7KHOHYHOGHILQLWLRQFUHDWLQJPDQ\KROHVLQRQH
VWHS GLYLGLQJ WKH EODQNLQJ GLH LQWR VXEURXWLQHV DUH
IDFLOLWLHVFRQWUROOHGE\&$76FULSW
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ER[ LQ)LJXUHKDVEHHQGHVLJQHG WR UHFHLYH WKHEODQN
SDUWGDWDDQGFRQWURO WKHEODQNLQJGLHGHVLJQRSHUDWLRQ
%DVHG RQ WKLV EODQN SDUW GDWD WKH SURJUDP VWDUW
FDOFXODWLQJ WKH GLH EORFN GLPHQVLRQV SDUDPHWULFDOO\















FRQVWUXFWHG LQ D F\OLQGULFDO VKDSH EDVHG RQ WKH EODQN
SDUW VKDSH 7KH FHQWHU RI WKH GLH EORFN F\OLQGHU LV WKH
FHQWHU RI SUHVVXUH IRU WKH EODQN SDUW VKDSH  7KH GLH
EORFN LQ WKH GLH W\SH FRGHV' DQG' FRQVLGHU WKH
EODQN SDUW VKDSH DQG JLYHV PDUJLQV UHODWHG WR WKH
RXWHUPRVWVKDSHRIWKHSDUWHQWLW\,IWKHRXWHUPRVWHQWLW\
LV FXUYH WKHQ WKH PDUJLQV HTXDO EROW GLDPHWHU ,I WKH
RXWHUPRVWHQWLW\ LV OLQH WKHQWKHPDUJLQVHTXDOEROW
GLDPHWHUV ,I WKH RXWHUPRVW HQWLW\ LV D SRLQW LH VKDUS
HGJH WKHQ WKHPDUJLQV HTXDOEROW GLDPHWHU7KHQH[W
VWHSLVEXLOGLQJWKHGLHKROGHULQZKLFKWKHGLHKROGHULV
D FRYHU IRU WKH GLH EORFN ZLWK VSHFLILHG PDUJLQV 7KH
EROW DQG GRZHO SLQ RSHQLQJ LQ WKH GLH KROGHU LV
UHSUHVHQWHG DV D VXE URXWLQH LQ WKH GLH KROGHU URXWLQH
7KHGLHKROGHULQFDVHRI'DQG'LQFOXGHVWKHEROW
RSHQLQJVXEURXWLQH7KHGLHKROGHULQFDVHRI'LQILJ
 LV RQH VWHS EHIRUH DSSO\LQJ WKLV GLH RSHQLQJ VXE
URXWLQH
3.1. Die-Set module 
7KH GLHVHW LV D VHSDUDWH PRGXOH FRQQHFWHG ZLWK WKH
EODQNLQJGLHGHVLJQSURJUDP$IWHUJHWWLQJWKHGLHKROGHU
DQ RXWHUPRVW PDUJLQ WKH SURJUDP VHOHFWV WKH VXLWDEOH
GLHVHW IURP  GLIIHUHQW GLHVHWV DSSOLHG LQ 1$6&2
&RPSDQ\ 7KH GLHVHWV GHVFULEHG KHUH LV QRW D UHDG\
VWRUHGEORFNVVXFKDVLQ$XWR&$',QRXUFDVHWKHGLH
VHWIXOOGLPHQVLRQVWRUHGLQDQH[FHOGDWDEDVHLQFOXGHDOO
WKH GLPHQVLRQV QHHGHG WR SDUDPHWULFDOO\ GUDZ WKH 
GLIIHUHQWVL]HVRIGLHVHWV)LJXUHVKRZVWKHVDPSOHRI
WKH GLHVHW GDWD VWRUHG LQ WKH H[FHO ILOH 7KLV GDWD
UHWULHYHGE\ WKH&$7,$DXWRPDWLFDOO\GUDZ WKHGLHVHW
RQFH WKH SURJUDP GHILQHV WKDW WKH GLHVHW KDV EHHQ
VHOHFWHG 7KH ILJXUH  VKRZV VRPH FRPSRQHQWV RI WKH
GLHVHWLQFOXGLQJWKHORZHUVKRHDQGWKHJXLGHSRVWV
$IWHU LQVHUWLQJ WKH GLH FRPSRQHQWV GLH EORFN DQG GLH
KROGHU RQ WKH ORZHU VKRH RI WKH GLHVHW WKH SURJUDP
VWDUWVWRDFKLHYHWKHUHPLQGHUGLHFRPSRQHQWV)LJXUH
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,WPXVWEHQRWHGWKDW WKHOHYHOV LQ&$7,$UHSUHVHQW WKH
GLHFRPSRQHQWV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KHLJKW7KLVKHLJKWLVFDOFXODWHG
WKURXJKWKHYLVXDOEDVLFSURJUDPDFFRUGLQJWRWKHUHODWHG
VXEURXWLQH 7KH NQRZOHGJH EDVHG GHVLJQ LQ WKLV
SURJUDP LV DOVR GLYLGHG UHODWHG WR WKH GHVFULEHG VXE
PRGXOHV 2QFH WKH SURJUDP QHVWV WKH VXLWDEOH VXE
URXWLQHV WRJHWKHU WR ILQG WKH RSWLPXP EODQNLQJ GLH





$ NQRZOHGJH EDVHG ([SHUW V\VWHP KDV EHHQ
FRQVWUXFWHG IRU VKHHW PHWDO EODQNLQJ GLHV 7KH V\VWHP
KDVEHHQEXLOWXQGHU&$7,$9ZKLFKLQFOXGHVVXE
PRGXOHV ,Q DQRWKHU SURJUHVV WKHVH VXEPRGXOHV KDYH
EHHQGLYLGHGDJDLQLQWRPDLQVXEPRGXOHV(DFKVXE
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